Summary. In Study 1, explants of caruncular and intercaruncular endometrium and fetal membrane were collected from ewes (5-6/day) on Days 11\p=n-\13, 1 6 \ p = n -\ 1 8 and 21\p=n-\23 after mating and Days 10\p=n-\12after oestrus, and incubated for 24 h. Expl ant\x=req-\ conditioned media were evaluated for their effects on endothelial cell proliferation. Both caruncular and intercaruncular endometrium secreted factor(s) which stimulated endothelial cell proliferation, and which appeared to be > 100 \m=x\103Mr and heat-labile. In Study 2, conditioned media from explant incubations of caruncular and intercaruncular endometrium, cotyledon and intercotyledonary fetal membrane obtained from ewes (6-7/day) on Days 40,65,90,115 and 140 after mating were evaluated for their effects on endothelial cell proliferation. Caruncular and intercaruncular endometrium and intercotyledonary fetal membrane secreted factor(s) which inhibited endothelial cell proliferation. Media from cotyledonary explants tended to stimulate endothelial cell proliferation on Day 115. Conditioned media from cotyledonary explants obtained from 3 additional ewes at Day 120 of gestation stimulated endothelial cell proliferation, and this activity also appeared to be > 100 \m=x\ 103Mr.
Introduction
The ruminant placenta is divided into placentomes comprised of maternal caruncular endometrium and fetal cotyledon, and also into interplacentomal areas comprised of intercaruncular endome¬ trium and intercotyledonary fetal membrane (Ramsey, 1982) . In the ewe, the blastocyst begins to expand by Days 11-13 after mating (Bindon, 1971; Guillomot et al, 1981) and attaches to the uterine mucosa by Days [15] [16] [17] [18] (Davies & Wimsatt, 1966; Boshier, 1969; Guillomot et al, 1981) . Interdigitation of fetal membrane (presumptive cotyledon) with maternal caruncles begins by Days [22] [23] [24] [25] (Davies & Wimsatt, 1966; Boshier, 1969) and can be considered as the initial stage of implan¬ tation. Several major events occur in the interval between attachment and implantation, including rapid growth of uterine glands, extensive vascularization both of maternal and fetal placental tissues, and marked increases in uterine blood flow (Greiss & Anderson, 1970; Reynolds et al, 1984) . These events serve to supply nutrients to the developing conceptus via absorption of uterine glandular secretions by the fetal membranes as well as, at later stages, physiological exchange between maternal and fetal capillaries.
Placental weight increases until about Day 90 of gestation in ewes; thereafter placental weight remains constant or decreases whereas fetal weight continues to increase exponentially (Barcroft, 1946; Evans & Sack, 1973; Rattray et al, 1974) . Although placental weight stops increasing, placental vasculature of ewes continues to grow and develop throughout most of gestation (Barcroft, 1946 ; Barcroft & Barron, 1946; Teasdale, 1976 ) concomitant with increased rates of uterine and umbilical blood flows (Makowski et al, 1968; Rosenfeld et al, 1974) . This continued growth and development of placental vasculature during late gestation supports the increasing metabolic demands of fetal growth.
Growth and development of placental vasculature may be influenced by local products. Human (Burgos, 1983; Fuchs et al, 1985) and bovine (Reynolds et al, 1987; placental tissues have been shown to secrete factor(s) which stimulate angiogenesis. Knowledge of factors which influence placental vascular development should lead to better understanding of how fetal and maternal tissues interact for maintaining optimal fetal growth.
The goals of these studies were to determine whether angiogenic factor(s) is produced by sheep placental tissues, which tissue(s) produces such factor(s), and whether the tissue source of activity changes with stage of gestation. Effects of media from culture of placental tissues on proliferation of endothelial cells were used as an indication of angiogenic activity, since we have previously shown close agreement between this assay and other in-vitro and in-vivo assays for angiogenic activity (Reynolds et al, 1987;  Reynolds To determine approximate molecular size of angiogenic activities, an additional pool (5-6 ewes per pool) was made of non-lyophilized, non-dialysed explant-conditioned media from caruncular and intercaruncular endometrium and fetal membrane from each day of gestation. These pools were subjected to ultrafiltration as described by Reynolds eta! (1987) to obtain fractions of < 10, >10, <30, >30, < 100 and > 100 3 M,. In addition, 1 ml of each pool was heat-treated (80°C, 30 min) to determine whether angiogenic activity was heat-labile. Unfractionated pools, Mr fractions and heat-treated pools were used in the endothelial cell proliferation bioassay (3 wells/fraction or treatment) as described above. (SAS, 1985) . When an F-test was significant (P < 0-05), differences between specific means were evaluated by using Bonferroni's t test (Kirk, 1968) . In addition, means for individual pools were compared with control (unconditioned media) values by t test (Steel & Torrie, 1960 Fig. 1 ). Explant-conditioned media from fetal membrane had no effect on proliferation of endothelial cells (104 + 11%, Fig. 1 (126 + 11%, Table 1 ). Untreated or fractionated conditioned media from fetal membrane had no effect on proliferation of endothelial cells (overall 96 + 4%) compared with unconditioned media. In addition, mitogenic activities of caruncular and intercaruncular endometrium were heat-labile (Table 2) .
Study 2 Compared with control (unconditioned) media, explant-conditioned media of caruncular and intercaruncular endometrium and intercotyledonary fetal membrane inhibited (P < 005) endo¬ thelial cell proliferation, and these activities were not influenced by day of late gestation (Fig. 2) .
In addition, a tissue day of gestation interaction was not observed. The mean response (across day of gestation) of endothelial cells to cotyledonary explant-conditioned media was not different from control media (Fig. 2) (Findlay, 1986) . Further purification will therefore be required to elucidate the identity of the active fractions reported in the present studies.
From the present results, it can be concluded that, in early gestation, angiogenic activity is secreted primarily by maternal tissues. In addition, maternal placentomal tissue (caruncular endo¬ metrium) exhibited greater activity than did interplacentomal tissue (intercaruncular endome¬ trium). It also seemed that stimulation of angiogenesis by placental tissues was greater early than late in gestation. During early pregnancy, the vascular architecture which supports placental growth and development, secretion of histotroph by uterine glands, and increased uterine blood flow is being established. These events are probably essential for survival of the conceptus, and, indeed, most prenatal mortality in the ewe occurs during the first 30 days of gestation (Quinlivan et al, 1966) . In addition, in humans, early embryonic death is often associated with failure of chorionic vascularization (Meegdes et al, 1988 (Barcroft, 1946) but placentomal vasculature continues to develop (Barcroft, 1946; Barcroft & Barron, 1946) . Teasdale (1976) reported increased numbers of endothelial cells in the fetal portion of the placen¬ tome (cotyledon) during late gestation. This agrees with our observation that Day-120 cotyledon secreted factor(s) which stimulated proliferation of endothelial cells. Local secretion of inhibitory factor(s) by maternal placental tissues and inter-cotyledonary fetal membrane may act to prevent further growth of vascular beds in these placental tissues and thus prevent rampant growth of placental microvasculature. This proposal seems reasonable since rampant growth of microvascu¬ lature is associated with pathological conditions, and is prevented by local secretion of inhibitory factors (Folkman & Klagsburn, 1987) .
Maintenance of placental vasculature is equally important to pre-and post-natal survival since treatments that reduce fetal growth are also associated with reduced rates of uterine and umbilical blood flows (Christenson & Prior, 1978) which have been shown to be primary determinants of fetal oxygen and nutrient uptakes (Reynolds et al, 1985 (Reynolds et al, , 1986 ). In addition, Alexander (1964) reported a positive correlation between birthweight and weight of placentomes, and birthweight is a key factor in determining postnatal survival and growth in lambs (Huffman et al, 1985) . Thus, growth and maintenance of placental vasculature probably play important roles in the establish¬ ment and maintenance of the metabolic supply of the fetus, and hence in pre-and post-natal survival and growth. Placental angiogenesis appears to be modulated by both maternal and fetal tissues throughout gestation via stimulatory and inhibitory factors.
